Objective: This study was performed to describe the clinical presentation, surgical outcome in patients with symptomatic myelopathy caused by ossification of the yellow ligament (OYL). Methods: The authors reviewed consequent 12 patients in whom posterior decompressive laminectomies were performed for OYL from 1999 to 2005. Diagnostic imagings including simple radiographs, computed tomography and magnetic resonance images were performed in each case. The patients were reviewed to evaluate the clinical presentation, surgical outcome and complications of the operation. Results: In all patients, OYL was located in the lower thoracic region and all patients presented with numbness on both limbs and pain. Among them, 5 patients presented with gait disturbance due to paraparesis and two patients had sphincter dysfunction. Decompressive laminectomy through a posterior approach using microscope resulted in improvement of symptoms in all patients, but, recovery was incomplete in a half of the patients. The mean postoperative Japanese orthopaedics association (JOA) score was 7.9 when compared with 4.9 in preoperative assessment and the mean recovery rate was 65%. Dural tear was noticed in four patients, so dural repair was performed, but there were no neurological deficits related to neural injury. Conclusion: OYL is an uncommon cause of myelopathy but it can lead to debilitating thoracic myelopathy. Careful decompressive laminectomy can achieve favorable results.
INTRODUCTION
Ossification of the yellow ligament (OYL) resulting in neurologic deficits is a rare disease. Since OYL was first reported by Polgar in 1920 with lateral radiographs 9) , reports have shown that it was relatively common in the Asian population and a large majority of these cases have been reported in Japanese subjects 1, 6, 10) . Etiology of OYL is still not fully understood, but association of OYL with other hyperostotic conditions has been documented. The authors report twelve patients with symptomatic myelopathy caused by OYL to discuss the epidemiology, clinical presentation, surgical outcome and complications.
MATERIALS AND METHODS
Posterior decompressive laminectomies for symptomatic myelopathy caused by OYL were conducted at our institute from 1999 to 2005. The results were analyzed case by case. Patients (four men and eight women) who ranged from 42 to 76 in their age (mean age 60.5) have lesions which were varied from T8-T9 to T12-L1 level. Evaluation was achieved by plain radiographs, computed tomography (CT) scan, and magnetic resonance imaging (MRI) studies. The radiologic work-up provided the characteristics of OYL (i.e., location, number of affected segments, associated spine pathologies), showed possible spinal cord involvement, and accompanying narrowing of the spinal canal. Ten patients had single-level involvement, and the other two patients had double level involvement ( Fig. 1 & Fig. 2 ). Two cases were attributed to trivial traumatic injury. All patients had lower limb pain and numbness and five patients had gait disturbance owing to motor weakness, which involved spasticity or imbalance (posterior cord lesion) in varying degree. Two patients had sphinter dysfun- ction. Back pain was not a main feature in all patients. The range of dysfunction resulting from myelopathy, as assessed by the Japanese orthopaedics association (JOA) scoring system, was 3-10 with a mean score of 4.9. All patients received posterior decompressive laminectomy including the laminae, ossified yellow ligament, and partial medial facet with the aid of high-speed burr and small-angled kerrison punch. Instrumentation wasn't performed in any patient. Specimens were sent for histologic study.
RESULTS
All patients improved at the end of the evaluation period, but recovery was incomplete in a half of the patients. Mean follow-up period was 24.2±12.0 months. They are all ambulatory with or without assistance, numbness and pain have been improved in all patients, but two of them couldn't regain sphincter control. The mean postoperative JOA score was 7.9 when compared with 4.9 in preoperative assessment. The recovery scale was calculated by the following equation:
The rate of recovery (%) = (postoperative score -preoperative score) ×100 (total score -preoperative score)
The range of recovery rate was from 35% to 90% and the mean was 65%. MRI showed the existence of a hyperintense signal in the spinal cord in 2 patients (case 4 & case 9) and also showed the association of OYL with narrowing of the lumbar spinal canal in 3 patients (case 2, case 7 & case 10). Two patients (case 3 & case 9), who had been asymptomatic all along became paraparesis after she slipped down. Five patients presented with gait disturbance due to paraparesis and two patients had sphincter dysfunction. MRI scan revealed OYL accompanying osteoporotic compression fracture at T10 level (Fig. 3) . Posterior decompressive laminectomies were performed. Dural tear was noticed in four patients as an attempt was made to dissect the adhesion of the dura. Dural repair by artificial dural graft was performed, and fibrin glue was injected. There was no sign of persistent cerebrospinal fluid leakage and meningocele. Moreover, neither postlaminectomy kyphotic deformity nor deep wound infection was identified in the present study. At microscopic evaluation of the operative specimens, there was evidence of a progressive disappearance of the ligament tissue replaced by mature lamellar bone through a process of enchondral ossification.
DISCUSSION
OYL is an uncommon disease causing compressing or radimyelopathy 11) . Kudo et al. 3) reviewed 1744 lateral chest radio- graphs and revealed OYL in 6.2% of male and 4.8% of female patients; most of the cases were asymptomatic. Although the average age was older and female was predominant in this study, OYL usually affects men younger than 50 years in most cases. The cause of OYL is still unknown. It is thought that the ossification originates from within the ligamentum itself.
Ossified lesions are composed of lamellar bone with developed Haversian canals. Early lesions are composed of an ossifying front with fibrocartilaginous cell proliferation at the margins. Ono et al. 7) found that fibrocartilaginous cell proliferation and matrix hyperplasia with cartilaginous conversion were observed in every case of OYL. Most of the patients with OYL presented with progressive myelopathy as manifested by pain in lower limb, motor and sensory deficits, gait disturbance, and urinary dysfunction. Interestingly, one patient in this present study, who had been asymptomatic all along became paraparesis and showed accompanying osteoporotic compression fracture after minor slip and fall down injury. Similar to this study, OYL is most commonly observed in the lower thoracic spine between T9 and T12 in approximately 80% of cases 8, 13) . These levels appear to be particularly prone to degenerative processes owing to the high tensile force present in the posterior column. That is to say, the larger range of rotation allows a larger tensile force to be applied to the yellow ligament thus increasing the frequency of OYL. OYL is found at the superior and inferior extremities of 2 adjacent laminae, to which they are joined 2, 5) . They can even close the space between the laminae by uniting the overlying and underlying adjacent laminae, to which they are connected at an obtuse angle. Myelography combined with CT can show spinal cord compression but is, at present, commonly replaced by MRI as the modality of choice for neural elements and the cord. MRI, which was performed for all of our patients, is indispensable for evaluating potential spinal cord involvement 12) . In the literature, OYL is frequently accompanied by narrowing of the neural canal or as well as by the ossification of other ligaments. We noted this association in 3 of our patients (Table 1) . Surgery is the only treatment that can adequately address significant compression of neurologic structures caused by OYL. When ossification causes radicular pain, as a result of a lateral location, unilateral fenestration to resect OYL allows nerve-root decompression. However, in most cases, decompressive laminectomy is the interven-tion of choice because of underlying myelopathy. It should be conducted carefully given that OYL frequently is associated with adherence between the ossification and dura mater 14) . An air drill may be used to begin decompression by resection of adjacent laminae rostral and caudal to the lesion. In this manner, the area of OYL can be isolated. The OYL is then dissected with caution to separate it from the dura mater. Histopathologic examination of OYL typically finds mature bone. The ligamentum flavum is progressively replaced by lamellar bone through a process of enchondral ossification. This process appears to begin near the facet joint capsule and the ligamentum flavum, where a proliferation of cartilaginous tissue triggers the ossification. More recent studies have shown a high level of plasma fibronectin in patients who had ossification of the posterior longitudinal ligament or the ligamentum flavum 4) .
CONCLUSION
OYL is a rare disease that can cause myelopathy mostly at the lower thoracic level. CT established the diagnosis of OYL, while MRI is helpful for showing spinal cord involvement. The treatment of OYL is based on laminectomy with precautionary measures against adhesions to the dura mater.
